Introduction
Immunoglobulin (Ig), found in all gnathostome vertebrates, is important for preventing bacterial, parasitic and viral infections and in recovery from disease. Fish are the lowest vertebrates possessing this defensive protein. Immunoglobulin had been isolated from a variety of fish species such as European eel [1], channel catfish [2], pike [3] , Atlantic salmon [4] , giant grouper [5] , European sea bass [6] , European perch [7] , sea bream [8, 9] , tilapia [10] , turbot [11] , Japanese eel [12] , Indian major carp [13] , and Asiatic cat fish [14] . Many previous studies had shown that most teleost fish immunoglobulin were structurally similar to mammalian immunoglobulin M (IgM) [15, 16] . Molecular weight of fish IgM was found, ranging from 608-900 kDa with a tetrameric configuration [17] . The tetrameric structure has been confirmed by electron microscopic studies [7, [18] [19] [20] . Whereas chondrichthyan and mammalian IgM are pentameric in nature. Each monomer of the tetrameric Ig contains two heavy (H) chain and two light (L) chain varied from 60-77 kDa and 23-26 kDa for bony fishes, respectively [17] . N-linked glycosylation is one of the most common post-translational modifications of IgM, as it can impact structural stability and biological function. The presence of carbohydrates in the heavy chain of mammalian IgM is important for C1q binding and complement activation through the Cµ3 domain [21] . The carbohydrate moiety of Salmo salar and Gadus morhua IgM was estimated to be approximately 12.5% and 10% of the whole molecule, respectively [22, 23] . Recently, monoclonal antibodies were developed to Indian major carp, rohu (Labeo rohita) immunoglobulins as a diagnostic reagent in ELISA and immunocytochemical assays [24] .
The remarkable progress in the field of fish immunology goes in hand with the increasing interest of fish farming. Immunization against infectious diseases provides an alternative to antibiotic and other drugs. However, vaccination procedure will be only effective when enough information about the basic properties of the defense system of fish is available. As immunoglobulin is one of the major components of the adaptive immune system of fish, study on immunoglobulin will be helpful in devising appropriate immunodiagnostic methods and prophylactic strategies against a wide variety of pathogens to promote sustainable aquaculture. Asian sea bass (Lates alcarifer) is one of the most important and fast growing fish of brackish water aquaculture in India, which has high market demand and consumer preference. However, the immune system of this important species has not yet been studied. In the present study, we purified the Asian sea bass serum IgM and examined its subunit structure by using polyacrylamide gel electrophoresis (PAGE) under reducing and non-reducing conditions. We also determined the presence of carbohydrate moieties in heavy and light chains. Furthermore, we measured the IgM concentration in the sea bass serum with an indirect ELISA.
Experimental Procedures

Immunization of Asian sea bass
Thirty numbers of clinically healthy Asian sea bass (Lates calcarifer) weighing around 150g were purchased from a commercial farm (Thane district, Maharashtra, India) and were kept in two cement tanks of 2000 l capacity each and 15 fish in each tank. The basic physico-chemical water parameters like water temperature, pH and dissolved oxygen were maintained at optimum levels. The fish were fed once a day at the rate of 5% of their body weight with chopped trash fish. The salinity was maintained at 12 ppt. The Fish were acclimatized for 7 days prior to immunization and were immunized intraperitoneally with bovine serum albumin (BSA) (Bangalore Genei, India), emulsified with Freund's complete adjuvant (FCA) at a dose rate of 0. 
Purification of Asian sea bass IgM
The purification of sea bass IgM by affinity chromatography was carried out on an immunoaffinity column (4 ml) of BSA-linked sepharose 4B (Bangalore Genei, India). Before loading the samples, the column was washed with 5 column volume of phosphate buffered saline (PBS, pH 7.2). 2 ml of serum from immunized fish was diluted 1:2 with PBS and filtered through a 0.45 µm syringe filter (Millipore, India). The serum was loaded to the column and was allowed to interact with the BSA for 40 min at RT. Unbound serum protein was washed with 15 column volume of PBS. The bound IgM in the column was eluted with 10 ml of elution buffer (0.1 M glycine NaOH, pH 11.0). The absorbances of the fractions were measured at 280 nm spectrophotometrically. The collected samples were immediately neutralized with 2 M Tris-HCl, pH 2.5. The pooled fractions were dialyzed against PBS using a dialysis tubing (Sigma, USA) with 10 kDa cut off and concentrated in sucrose. The protein concentration of serum and purified sample were estimated by the dye binding method of Bradford [25] , using BSA as the standard.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE was carried out by using the method described by Laemmli [26] with slight modifications.The purified sea bass IgM was analyzed on gradient gels (2.8-22.5%) under non-reducing condition to determine the molecular weight of the Ig molecule and 12% gels under reducing condition to determine the types of heavy chain and light chain present in Ig molecules with their molecular weights. A gradient (2.8-10%) SDS-PAGE in continuous buffer system [27] was run to check the covalent architecture of the immunoglobulin molecules. After electrophoresis, the gels were stained with Coomassie brilliant blue R-250. Estimation of molecular weight of the Ig in comparison to molecular weight standards was made using UVIdoc 1D software (UVI Tech, UK).
Determination of carbohydrate in sea bass IgM
The gradient PAGE gel (2.8-22.5%) and the SDS-PAGE gel (12%) were stained with alcian blue for the presence of glycoprotein, as per the method described by Wardi & Michos [28] .
Production of anti-sea bass IgM in rabbit
Two healthy male rabbits weighing around 1kg were immunized with purified sea bass IgM to raise anti-sea bass IgM. Purified Asian sea bass IgM was mixed with Freund's complete adjuvant (FCA) at 1:1 ratio to form an emulsion. The animals were injected subcutaneously with the emulsion at a dose rate of 1 ml per rabbit (800 µg of IgM per rabbit). The booster dose was administered on 14 th and 28 th day of immunization subcutaneously with the same dose emulsified with Freund's incomplete adjuvant (FIA). The rabbits were bled individually on 42 nd day of immunization by puncturing the central auricular artery in ear. The collected blood was allowed to clot at RT for 30 min and then left at 4ºC overnight. The blood samples were centrifuged at 5000 × g for 10 min and the serum was separated and preserved at -80ºC.
Immunological assay and quantification of IgM in sea bass sera
The specificity of rabbit antisera to sea bass IgM was checked by Western blotting. Affinity purified sea bass IgM were electrotransferred to nitrocellulose paper (NCP) from SDS-PAGE gel. The NCP was immediately incubated in blocking agent (5% skim milk powder in TBS (w/v)) overnight at RT. Subsequently, the membrane was washed thrice with TBST (TBS with 0.05% Tween 20 (v/v)) at 5 min intervals. Then the membrane was incubated in anti-sea bass Ig rabbit serum diluted to 1:10000 in TBST for 2 h at RT and again it was washed thrice in TBST. Goat anti-rabbit IgG alkaline phosphatase conjugate (Genei, India) was added at a dilution of 1:1000 in TBST and the NCP was incubated for another 2 h at RT. After washing again with TBST for three times, the substrate 5-Bromo-4-chloro-3-indolylphosphate/nitroblue tetrazolium (BCIP/ NBT) (Genei, Bangalore) was added and shaken well until the color of the bands developed. The NCP was immediately washed with distilled water and air-dried.
Ten healthy sea bass were used for quantification of IgM level in serum. An indirect ELISA was performed to determine the normal IgM concentration in Asian sea bass serum. The purified Asian sea bass anti-BSA IgM (0.195 ng ml -1 to 6400 ng ml -1
) and normal Asian sea bass serum in two fold serial dilution with TBS were coated into 96 well flat bottomed ELISA plates (Tarsons, India) at 50 µl volume per well. After 3 h of incubation at RT, the plates were washed thrice with TBST at 5 min intervals. Blocking agent (5% skim milk powder in TBS) was added at 100 µl per well to all the wells and incubated at 4ºC overnight. The plates were washed again with TBST three times at 5 min intervals. Anti-sea bass Ig rabbit serum was then added at 1:50000 dilutions in 50 µl volume to all the wells and incubated for 2 h at RT. The plates were washed again with TBST as mentioned before. Subsequently, goat anti rabbit IgG HRPO (horseradish peroxidase) conjugate (Genei, India) was added to the wells at 1:5000 dilution as specified by the manufacturer. After 2 h of incubation at RT and washing with TBST, 100 µl of substrate TMB/H 2 O 2 (Genei, India) was added to all the wells. The color reaction was stopped by adding 1 N H 2 SO 4 immediately to the wells at 50 µl per well. The absorbance was read at 450 nm in an automated ELISA reader (BioRad, USA) against substrate control (only TMB / H 2 O 2 substrate solution). The absorbance values were plotted against respective sea bass IgM concentrations and sea bass serum dilutions, and parallel curves were obtained. The dilution of normal serum samples suitable for IgM concentrations was selected from this experiment as 1:32000. Now 10 normal sea bass serum samples were diluted as 1:32000 and absorbance values were plotted against IgM standard curve and the IgM concentration was calculated in normal sea bass serum.
Results
Purification and subunit structure of sea bass IgM
During each purification process, a single peak was obtained from the affinity column during the elution with 0.1 M glycine NaOH buffer, pH 11.0. In native gradient PAGE, only a single band confirmed the homogeneity of the purified sample and further indicated that there is only one major type of immunoglobulin present in Asian sea bass. Under non-reducing gradient SDS-PAGE, the molecular weight of this native Ig molecule was found to be 896 kDa (Figure 1 ) using molecular weight markers.
In SDS-PAGE under reducing condition, purified sea bass Ig was dissociated into two major bands of 83 kDa and 27 kDa. These could be identified as the H and L chain of Ig, respectively (Figure 2 ). In non-reducing gradient SDS-PAGE, the purified Ig sample dissociated into 3 discrete bands of 860 kDa, 420 kDa, and 205 kDa. Based on the molecular weights of native Ig and its constituent H and L chains determined earlier, the bands could be identified as tetramer {(H 2 L 2 ) 4 }, dimer {(H 2 L 2 ) 2 } and monomer (H 2 L 2 ), respectively (Figure 3 ).
Detection of carbohydrate in sea bass IgM
Both native sea bass Ig molecule in gradient PAGE and the H and L subunits in SDS-PAGE retained purple stain, after staining with alcian blue (Figure 4 ). This indicates the glycoprotein nature of Ig molecules, which contains the carbohydrate moieties in both of its heavy and light chains.
Specificity of rabbit anti-Asian sea bass IgM
Western blotting of purified sea bass IgM and rabbit antisea bass IgM serum gave a specific band of 83 kDa, thus reacting specifically with the H chains of sea bass IgM ( Figure 5 ).
Immunoglobulin concentration of normal Asian sea bass serum
The absorbance values of normal serum samples were plotted against IgM standard curve and the Ig concentration was calculated ( Figure 6 ). The linear region (6.25-100 ng) of the standard curve was used for calculating IgM concentration in the serum. The average IgM concentration of 10 serum samples was found to be 5.4±1.8 mg ml -1 , varying within a range of 2-12 mg ml -1 . Thus the IgM concentration in normal sea bass serum was 16.7% of the total serum protein content (32.3±2.4 mg ml -1 ).
Discussion
In native gradient PAGE, the purified Ig sample showed only one band indicating the purity and homogeneity of the product (Figure 1) . The presence of a single band was also indication of the existence of only a major type of antibody in Asian sea bass. In majority of the osteichthyan species, a single type of antibody has been reported [16, 17] . In the present study, sea bass Ig was found to possess a molecular weight of 896 kDa. Based on molecular weight, sea bass Ig could be considered as IgM type, like other osteichthyan immunoglobulin. Similar molecular sized immunoglobulin have also been reported in several fish species such as 870 kDa in white sturgeon [29] ; 854 kDa in European sea bass [9] ; 900 kDa in ayu [30] ; 900 kDa in tilapia [31] ; 900 kDa in channel catfish [32] . The molecular weight of native immunoglobulin of different teleost varied within 608-900 kDa [17] . This size variation of IgM molecules in different fish species might have arisen due to their different genetic makeup.
In general, the molecular weight of H and L chain varied from 60-77 kDa and 23-26 kDa for bony fishes, respectively [17] . But the higher molecular weight of H and L chain as found in the present study for Asian sea bass IgM, had also been observed by other studies. Palenzuela et al. [9] found one heavy chain of 78 kDa and two light chains of 27.5 and 28.5 kDa for European sea bass (D. labrax ), whereas Pilstrom and Petersson [33] reported the H and L chain molecular weight of cod (G. morhua) Ig to be 81 kDa and 27.5 kDa, respectively. Kofod et al. [34] showed that turbot (S. maximus) Ig possesses one heavy chain of 79 kDa and two light chains of 27 and 29 kDa. A 90 kDa H chain and 30 kDa L chain were reported from tilapia (O. mossambicus) Ig [31] .
In SDS-PAGE, one additional band of 105 kDa other than the H and L chains was observed. This band possibly could be the H-L pair, if the molecular weights of 83 kDa for the H and 27 kDa for the L chain are taken for calculation. The generation of such a band might be due to the incomplete dissociation of H-L subunits or due to the reassociation of H-L subunits after dissociation. The polyclonal antibodies failed to react with this band in Western blotting, because it probably recognized a particular conformation of the purified IgM epitope. This particular conformation of the molecule could have been altered in the presence of reducing agent.
Different forms of sea bass IgM were observed in the current study. This may be due to the presence of subpopulations of tetrameric Ig, having various patterns of non-covalent interactions amongst the basic H 2 L 2 subunits. Upon treatment with SDS, these Ig molecules were dissociated into such structures possessing only the covalent interactions and were unable for further dissociation and thus generated the dimer and monomer. Such variability among H 2 L 2 subunit linkages has been reported in flounder [35] , sheepshead [36] , perch [7] and salmon [37] . All of these teleost species appear to be unique in their assembly of IgM and these types of molecules are now termed as redox form [38] .
The native Ig molecules of sea bass as well as the reduced heavy and light chains were stained positively with alcian blue (Figure 4 ). This clearly indicates that sea bass Ig is glycoprotein in nature and the carbohydrates are linked to both H and L chains as had been reported from several teleostean species [2, 22, 23] .
Purified sea bass IgM was used to immunize rabbits to obtain a polyclonal antibody. Surprisingly, the resulting anti-sea bass antibody reacted only with the heavy chain of the sea bass IgM ( Figure 5 ). The native sea bass IgM may have a structure that the light chain was localized inside the molecule. So the sea bass IgM light chain might not be able to be recognized as an antigen by the rabbit immune system due to its inward position inside the IgM molecule. Alternatively, the produced antibody may not react with SDS-denatured epitopes of the light chain.
ELISA is being widely used for quantification of IgM in the serum of fish. The mean value of the IgM concentration in the sera of ten healthy sea bass was 5.4 ±1.8 mg ml -1 , which is quite similar to the serum IgM concentration of cod, 5.63 mg ml -1 [39] and 6.48 mg ml -1 in turbot [34] . However, there is a lot of variation in serum Ig concentration reported in other fish species such as sheepshead-3.07 mg ml -1 [36] , rainbow trout-3.3 mg ml -1 [40] , paddlefish-17.2 mg ml -1 [41] , yellowtail-0.96 mg ml -1 [42] and Atlantic salmon-0.8 mg ml -1 [4] . This variation in IgM levels may be due to the difference of age between fishes or due to different environmental factors such as different conditions where the fishes were reared. In the present study, IgM concentration in normal sea bass serum was 16.7% of the total serum protein content. Like the varying concentration of IgM in various fish species, the IgM percentage of total serum proteins was also reported to vary widely such as, 17% for cod [39] , 21% for carp [43] , 17% for tench [43] , 2-4% for Atlantic salmon [4] , 47% for paddlefish [41] and 24% for turbot [34] . Comparison between Asian sea bass IgM with European sea bass and other Asian bony fish IgM were summarized in Table 1 .
In summary, immunoglobulin was purified from Asian sea bass serum by a BSA-based affinity chromatography. The immunoglobulin was found as IgM-like (896 kDa) with heavy and light chains of 83 and 27 kDa, respectively. The normal serum Ig concentration was found to be 5.4 ±1.8 mg ml -1 which was about 16.7% of the mean total serum protein content. We believe that the IgM level in the serum can be used as an indicator for diagnosis of the health of fish. The present results will be helpful for developing an antibody based immunodiagnostic kit for the rapid detection of major diseases of aquaculture species including L.calcarifer. In the future, it would be important to identify the environmental factors that can decrease the level of the fish Ig and make the fish more susceptible to infection of diseases. Sea bass Ig molecules can also be further characterized with the help of anti-IgM monoclonal antibodies as a crucial diagnostic reagent for research on prophylaxis, therapy and diagnosis of fish diseases. 
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